The domestic fowl (Gallus gallus f. dom.) is highly motivated to roost on elevated structures. Previous studies indicated that broiler chickens hardly use elevated perches but frequently use elevated platforms. However, it is unclear which height and type of elevated structures broilers prefer at various daytimes.
INTRODUCTION
Like its ancestor the jungle fowl (Gallus gallus), the domestic fowl (Gallus gallus f. dom.) roosts on elevated structures such as branches or perches (Wood-Gush and Duncan, 1976; Schrader and Müller, 2009 ). Highelevated structures likely offer fowl protection against predators (Newberry et al., 2001 ). Beginning at an early age, wild and domestic chickens explore their environment during daytime (McBride et al., 1969) up to heights of 10 m (Wood-Gush and Duncan, 1976; LeVan et al., 2000) with or without their mother hen (Roden and Wechsler, 1998) . In addition, they begin roosting at nighttime at an age of 10 d (Riber et al., 2007) . elevated structures during the rearing phase can prepare them for using elevated structures and perches in the layer housing (Gunnarsson et al., 2000) . In animal welfare labeling schemes for broiler chickens, elevated structures such as platforms, perches, or straw bales are already mandatory to improve the animals' welfare (e.g., Neuland, Germany; Beter Leven, Netherlands; RSPCA ASSURES, UK; Coop Naturafarm, Switzerland). If not properly designed, however, perches can result in breast blisters (Nielsen, 2004) and thus may negatively affect the welfare of broiler chickens.
In studies on the use of elevated structures by broilers, perches (Martrenchar et al., 2000; Su et al., 2000; Pettit-Riley and Estevez, 2001; Bokkers and Koene, 2003; Bailie and O'Connell, 2015) , platforms (Bailie and O'Connell, 2014) , or both (Oester et al., 2005; de Jong and van Wijhe-Kiezebrink, 2014; Kaukonen et al., 2016; Norring et al., 2016) were offered at varying heights from 8 up to 75 cm. de Jong and van Wijhe-Kiezebrink (2014) offered lucerne bales, perches, and platforms at different locations within the same compartments and at the same time, and locations were changed every 2 wk. Although in none of these studies different types and heights of elevated structures were simultaneously tested in the same groups, their results suggest that broiler chickens use elevated grids more than perches and prefer high structures to low structures. In laying hens, there is also strong evidence that they prefer higher structures for roosting compared to lower ones and, in addition, that the height of roosting site seems to be more important compared to its structure (i.e., grid or perch) (Schrader and Müller, 2009) .
The use of elevated structures can considerably differ between daytimes (Nielsen, 2004) . In the few studies that compared perching behavior of growing chickens during the light and dark periods (Heikkilä et al., 2006; Norring et al., 2016) , chickens perched more often during the light compared with the dark period. In studies on perching during dawn and dusk, no effects of a progressive or an instantaneous dimming were found (Martrenchar et al., 2000) , and until 7 wk of age, chickens used perches during dawn and dusk to the same degree as during the night (Nielsen, 2004) . In addition, the growth performance of chickens seems to affect the use of elevated structures. Slow-growing broiler chickens used elevated structures more frequently than did fast-growing broiler chickens (Bokkers and Koene, 2003; Oester et al., 2005; Wallenbeck et al., 2016) , possibly due to a reduced walking ability in fast-growing broilers (Martrenchar et al., 2000) .
Here, we used chickens of 3 strains and tested the use of perches and grids offered in parallel at 3 heights. The chickens were males from a fast-growing broiler line, a medium-growing dual-purpose line, and a slow-growing layer line. In addition to the use of elevated structures, we recorded the general locomotor activity of the birds. We expected that 1) with increasing age of the birds, the use of elevated structures will increase, and the increase in usage will be lower in fast-growing compared with slow-and medium-growing chickens; 2) chickens of all strains will prefer grids to perches and will perch most often on the highest level of the elevated structures. Additionally, we hypothesized that chickens will show decreased activity with increasing age and growth performance and will use the elevated structures at different frequencies during different daytime periods.
MATERIALS AND METHODS

Birds and Housing
The experiment was conducted in a stable at the research station of the Institute of Animal Welfare and Animal Husbandry (FLI, Celle, Germany). In each of 2 successive trials, 200 male chickens of a fast-growing strain (Ross 308, hereafter Ross), 200 male chickens of a medium-growing dual-purpose strain (Lohmann Dual, hereafter Dual), and 200 male chickens of a slowgrowing layer strain (Lohmann Brown Plus, hereafter LB) were used. This study was of the project "Integhof" which is focused on preventing the killing of day-old male chicks by using them for meat production. For this reason, we used only male chickens.
In both trials, the birds were kept in groups of 50 birds of the same strain in 12 experimental compartments (floor space: 2 × 3 m; height: 2 m; stocking density at the end of the fattening period for Ross and Dual: 18.5 kg/m 2 , for LB: 11.7 kg/m 2 ). Groups were randomly assigned to the compartments resulting in a total of 8 repetitions per strain (2 trials × 4 groups per strain). All chickens were delivered by commercial hatcheries as day-old chickens and had an average weight ± standard deviation of 44.7 ± 1.0 g (Ross), 40.4 ± 2.6 g (Dual), and 38.3 ± 0.8 g (LB). Due to their fast growth, Ross chickens were kept for 5 wk (body weight at slaughter date 2,099 ± 583 g), whereas Dual (body weight at slaughter date 2,234 ± 283 g) and LB (body weight at slaughter date 1,411 ± 121 g) chickens were kept for 10 wk in the experimental compartments until slaughter. The mortality rate of Ross was higher compared to Dual and LB but within the ranges of commercial farms (Table 1) .
Climate conditions in the stable were automatically controlled by a ventilation and heating system, and an intermediate temperature program was run to meet the different temperature demands of broilers and layer chickens, with a temperature of 36
• C at an age of 1 d continuously decreasing to 18
• C at an age of 36 d. The stable was artificially lighted for 24 h during (Figure 1 ). For Ross chickens the existing litter was supplemented by chopped straw (length <8 cm) from the 4th week of age in case of wet litter. In Dual and LB chickens, this was not necessary as the litter remained dry and friable throughout the fattening period. Single-phase pelletized feed (21% crude protein, 12.90 MJ ME/kg) with energy content between the requirements for broiler and layer chickens and drinking water were available ad libitum.
Each compartment was additionally equipped with perches and grids at 3 different heights (Figures 1 and  2 ). Perches and grids were randomly positioned to each other and placed at the narrow sides of the compartments. To facilitate access to the perches and grids, an inclined ramp of the same material as the grids was installed between the perches and the grids (Figures 1  and 2 ). The total grid area was 8,100 cm 2 , and the total perch length was 270 cm. Based on the area of 514 cm 2 covered by a male broiler with an average weight of 2,468 g at the end of the fattening period (6 wk) (Bokkers et al., 2011 ) and a perch length of 15 cm occupied by a broiler, we estimated that perches and grids each offered space for about 30% of the chickens in each compartment at the end of the fattening period. This percentage corresponds to the use of perches and grids found by Nielsen (2004) and de Jong and van WijheKiezebrink (2014) .
The plastic grids (30 × 90 cm; Big Dutchman International GmbH, Vechta, Germany) had a mesh size of 19 × 19 mm and a slat width of 10 mm. The plastic perches (LUBING Maschinenfabrik Ludwig Bening GmbH & Co. KG, Barnstorf, Germany) had a length of 90 cm, were mushroom shaped, and had a width of 60 mm at the top. The vertical gap of 20 cm between the perches and between the grids (see Figure 2 ) allowed the chickens to use the litter area below the elevated structures. For recordings of chickens' activity in each compartment, 2 antennas were located on the floor (see Figure 1 and text below describing the measurement of locomotor activity).
Measurements
Use of Structures In each compartment, the area of the perches and grids was recorded by an infrared video camera (Model VTC-E220IRP, color camera for corner mount with IR-LEDs; SANTEC BW AG, Ahrensburg, Germany) connected to standard computers with a self-customized recording software, and recordings were saved on hard disks. For each week of age (week), the recordings of 2 d (usually Saturday and Sunday) were analyzed by counting the number of chickens on the 6 different elevated structures and on the ramp from 3:00 am to 10:00 pm in 30-min intervals (time-sampling observation, total number of scans per day: 39).
Locomotor Activity The behavioral activity was recorded with an antenna-transponder system (PLB SPEED Antenna and Chip Glastag HITAGS 3.15 × 13 × 3 mm; Gantner Pigeon Systems GmbH, Schruns, Austria) connected to a standard computer with selfcustomized recording software. In each compartment, 2 antennas (length: 90 cm, width: 30 cm, height: 3 cm; Figure 1 ) were put on the floor in the littered area. On the 12th day of age, 25 randomly selected chickens per compartment received a transponder that was attached to the leg by using a plastic case (height: 23 mm, width: 4 mm, weight: 2.5 g) and cable straps (Figure 3 ). The cable straps were regularly checked for fitting, and their width was adjusted if necessary.
The transponders were registered at a distance of less than 20 cm by an antenna at a frequency of 2.5 s. The tag number of the respective antenna, the number of the transponder, the time, and the date were recorded from each transponder when within the range of an antenna. From 4:00 am until 8:00 pm, activity was counted whenever a transponder was registered by one and subsequently by the other antenna, i.e., the change between antennas was counted as locomotor activity and calculated with SAS R 9.4 (SAS Inst. Inc., Cary, NC).
Statistical Analysis
Use of Structures All statistics were done using SAS R Enterprise Guide Version 6.1. For statistical analysis, each day was divided in 4 periods: dawn (values at 4:30 am), light period (values from 5:00 am to 7:00 pm), dusk (values at 7:30 pm), and dark period (values from 3:00 am to 4:00 am and from 8:00 pm to 10:00 pm). According to our hypotheses, we used different general linear mixed (GLM) models. In case of multiple comparisons, P-values were Bonferroni corrected.
For testing the effect of age, the mean proportion of chickens using either of the elevated structures within each week of age was used for an intrastrain comparison in separate models, i.e., effect of age was tested for Ross from the 1st to the 5th week of age and for Dual and LB from the 1st to the 10th week of age. Week of age was included as fixed factor and compartment number as random factor. For post hoc comparisons, we only considered consecutive weeks.
For testing differences between the 3 strains, the mean proportions of birds using either of the elevated structures from the 1st to the 5th week of age were used. Here, strain, week of age, and the interaction strain with week of age were used as fixed factors and compartment number as random factor.
To test the preferences for grid or perch for each strain, the mean proportions of birds observed on either the perches or the grids were calculated across the entire observation period (i.e., Ross from the 1st to 5th week, Dual and LB from the 1st to 10th week). The number of birds observed on the ramp was not included in this analysis. Structure (perch, grid) was included as fixed factor and compartment number of compartments as random factor.
For analyzing the effect of height, we applied the mean proportion of the use of the 3 heights (10, 30, 50 cm) irrespective of the type of elevated structure, and we excluded the ramp. For each strain, separate models were calculated. Week of age, height, and their interaction were used as fixed factors and compartment number as random factor.
The effects of the factors mentioned above were tested separately for the 4 time periods (dawn, light period, dusk, dark period). To test the effect of daytime for each strain, we calculated the mean proportion of birds observed during the 4 time periods throughout the entire observation period. These data were subjected to a GLM model with daytime as fixed factor and compartment number as random factor.
Locomotor Activity and Growth Performance For testing the effect of age on the locomotor activity of birds recorded by the transponder-antenna system, the mean activity of each bird was calculated for each day of age, and data were averaged per week per compartment. Due to the differences in age at slaughter, we calculated separate GLM models for each strain (Ross with 5 wk, Dual and LB with 10 wk) with week of age as fixed factor and compartment number as random factor. Comparisons of consecutive weeks of age were done by a multiple comparison between all pairs of LSMEANS with Bonferroni correction. In a second GLM model, we included all 3 strains but only data from the 1st to the 5th week of age. This model included strains, week of age, and their interaction as fixed factors and the compartment number as random factor. The different growth performances of the strains were calculated as the average weight gain ( = [slaughter weight − day-old weight]/week of age) and analyzed by a Kruskal-Wallis test.
RESULTS
Use of Structures
Effect of Age, Strain, and Daytime Chickens of all 3 strains increasingly used the elevated structures with increasing age during each of the 4 daytimes (all P ≤ 0.0001; Figure 4 ). In all 3 strains, this increase was particularly evident from the 1st to the 2nd week of age at dawn and during the light period (Ross, Dual, and LB: P < 0.0001; Figure 4a and b). There was an additional increase in the use of elevated structures from the 2nd to the 3rd week for Ross during the light period (P < 0.0001; Figure 4b ) and for Dual at dusk (P = 0.0018; Figure 4c ) and during the dark period (P = 0.0283; Figure 4d ). From the 3rd to the 4th week, Ross chickens showed a significant decrease in the use of the elevated structures at dawn (P = 0.02) but, in contrast, a significant increase during the dark period (P = 0.0056). During the light period, Ross chickens used the elevated structures less often in the 5th compared with the 4th week of age (P = 0.001). The Dual chickens showed a significant increase in use from the 5th to the 6th week during the light period (P = 0.0017) and at dusk (P = 0.016). From the 6th week onwards, the use of elevated structures did not change significantly between successive weeks during any of the 4 daytimes.
The highest proportion of chickens on the elevated structures was found at dawn with 26.9 ± 1.6% in the 3rd week for Ross, 40.4 ± 2.9% in the 8th week for Dual, and 48.8 ± 3.1% in the 2nd week for LB.
Strain significantly affected the use of elevated structures at dawn, during the light period, and at dusk (all P < 0.0001) but not during the dark period (P = 0.1179). Ross chickens used the elevated structures to a significantly lesser degree compared with Dual and LB chickens (Figure 4 ). Exceptions were the 1st week at dawn and during the light period and the 2nd week at dusk. During the dark period, the use of elevated structures did not differ between the strains in any of the first 5 wk of age. At dawn in the 2nd week, LB chickens used the elevated structures significantly more in comparison with Dual.
For each strain, the use of elevated structures differed significantly between the dark period and dawn (all P < 0.0001), between dawn and dusk (all P < 0.0001), and between dawn and the light period (all P < 0.0001). In addition, Dual and LB chickens used the elevated structures more at dusk compared with the dark period (Dual: P = 0.0065; LB: P < 0.0001) and more often during the light compared with the dark period (Dual: P = 0.0058; LB: P < 0.0001).
Effect of Structure Ross and Dual chickens preferred the grids to the perches at all daytimes (Ross: dawn: P < 0.0001, light period: P < 0.0001, dusk: P = 0.0001, dark period: P = 0.0022; Dual: dawn: Figure 5 ). LB chickens showed a higher use of the grids compared with the perches only at dawn (P < 0.0001) and during the light period (P = 0.0016; Figure 5) .
Effect of Height
The height significantly affected the use of elevated structures in all 3 strains at all 4 daytimes (P < 0.05). Chickens of all strains preferred structures of 50 cm height compared with 10 and 30 cm during the dark period at an age close to slaughter (Figure 6b, d, and f) . During the light period, preferences for height were not consistent and only shown in single weeks (Figure 6a, c, and e) .
At dawn, the chickens showed preferences for 50 cm height in some weeks (all P ≤ 0.05; Ross: weeks 2 to 4; Dual: weeks 2 to 5; LB: weeks 2 to 8 and 10). Only Ross chickens showed a clear preference for 10 cm at dusk in the 5th week (P < 0.05).
Locomotor Activity and Growth Intensities
Chickens of all 3 strains showed a significantly decreasing locomotor activity throughout the observation period (Figure 7 ). This decrease with increasing age was significant between almost all successive weeks (Table 2) . Ross chickens showed a comparable locomotor activity between the 3rd and the 4th but a decrease to the 5th week of age. Locomotor activity of LB chickens did not change from weeks 7 to 9. Ross chickens were significantly less active in the 4th and the 5th week of age compared with Dual and LB chickens (all P < 0.01; Figure 7 ).
The strains significantly differed in weight gain (P < 0.0001). The average weight gain was 326 g/wk in Ross (5 wk), 219 g/wk in Dual (10 wk), and 142 g/wk in LB (10 wk).
DISCUSSION
Our results showed that elevated structures are used by all breeds, differing in growth performance. The use of elevated structures started at an age of 2 wk and continued until slaughter. Chickens of all strains preferred elevated grids to elevated perches. Slow-and medium-growing chickens showed a higher usage of elevated structures compared with fast-growing chickens.
Effect of Age, Strain, and Daytime
In particular during the light period and at dawn, chickens of all 3 strains increasingly used the elevated structures from the 1st to the 2nd week of age. This finding corresponds with those of Heikkilä et al. (2006) and Riber et al. (2007) , who also found that chickens, especially of layer strains, start to perch from the 10th day of age. Presumably, in the first week of age, the chickens are hardly able to climb on the elevated structures. Figure 6 . Height effect on use of structure during (a, c, e) the light period and (b, d, f) the dark period for each strain (Ross, Dual, and LB). Significant differences between consecutive weeks of age within heights are marked by asterisks:
* P = 0.05, * * P = 0.01, * * * P ≤ 0.001. Significant differences between heights within the first 5 wk of age are marked by different letters (P < 0.05); (n = 8). Bars indicate the standard error. n/a = not applicable.
Interestingly, the use of elevated structures was highest at dawn, followed by the light period and dusk, and lowest during the dark period. A possible explanation for the intensive use of elevated structures at dawn and dusk might be the general increase in activity of chickens, which has been observed 1 h before sunrise and sunset (Gerken et al., 1988; Olsson and Keeling, 2000) . Laying hens are known to actively search for elevated structures during dusk but they stay there for nighttime roosting (EFSA, 2015) . In meat chickens, Wedin (2016) studied disturbances during the dark period. She found that male chickens showed more disturbance activity than female chickens. Thus, an additional explanation for our finding on higher number of birds at dawn compared to dark period might be that chickens are falling down or are pushed from elevated structures during dark due to disturbances and a high density of birds on the elevated structures. However, also at dawn there was empty space on the elevated structures. Moreover, we did not observe a high degree of disturbances on the elevated structures although this was not systematically recorded in our study. Thus, the high use of the elevated structures in particular at dawn is remarkable but remains to be explained.
The fast-growing Ross chickens showed a lower use of elevated structures compared with Dual and LB chickens. In addition, their use of elevated structures decreased from the 3rd to the 4th week of age at dawn and from the 4th to the 5th week of age during the light period. A decrease in the use of elevated structures during the light period by fast-growing broiler chickens has also been observed by Zhao et al. (2012) , Hongchao et al. (2014), and Norring et al. (2016) (but see Martrenchar et al. 2000) . This decrease in the use of elevated structures by Ross chickens can be explained by their comparably low and additionally declining locomotor activity due to their fast growth. Fast growth often is associated with impaired walking ability and leg problems (Stojcic and Bessei, 2009; Hongchao et al., 2014) , which additionally may have hampered the broilers in using the elevated structures with increasing age and weight.
In contrast, during the dark period, the Ross chickens increasingly used the elevated structures until slaughter, and the Dual and LB chickens tended to use the structures more frequently with increasing age (cf. Figure 4 ). This increase in the usage of elevated structures may indicate an increasing motivation to the perch to protect from predators with increasing age. When observed under natural conditions, the domestic fowl starts to roost on elevated structures at about 7 to 8 wk of age, and nighttime roosting is guided by the mother hen (Wood-Gush and Duncan, 1976) . It seems that the chickens in our study started to use the elevated structures earlier for nighttime roosting compared with chickens observed in natural conditions. Interestingly, domesticated chickens with a brooded hen do not start to perch earlier than do chicks without a mother hen (Riber et al., 2007) .
We also found that the proportion of chickens that used the elevated structures at nighttime was quite low during the first weeks of age. Nonetheless, our results suggest that despite a decreasing activity and a possible decreasing walking ability, chickens selected for fast growth such as Ross broilers are motivated to roost on elevated structures.
Effect of Structures
During all 4 examined daytime periods, Ross and Dual chickens preferred the grids to the perches. This finding is in line with other studies that compared the use of grids and perches in broiler chickens (Oester et al., 2005; de Jong and van Wijhe-Kiezebrink, 2014; Norring et al., 2016) . The chickens from the layer line (LB) preferred the grids only at dawn and during the light period but did not show a significant preference at dusk and during the dark period. This finding may indicate that slow-growing layer chickens prefer a perch rather than a grid for nighttime roosting as has been shown for laying hens (Schrader and Müller, 2009 ). However, for fast-growing chickens, grids seem to be more suitable. A possible explanation could be that due to their weight, it is more difficult for heavy chickens to find a balanced resting position on a perch. Alternatively, the design of the perches used in our study might have been less suitable for use by fast-growing chickens.
Effect of Height
During the dark period, chickens of all 3 strains preferred the height of 50 cm by the end of the fattening period when their body weight exceeded 1,400 g. A study by Martrenchar et al. (2000) also found that broiler chickens close to slaughter increasingly used higher level perches. This finding corresponds to the preference of adult fowl to rest at heights up to 10 m (Wood-Gush and Duncan, 1976) .
For each structure and height, we offered an area on which approximately 5 chickens could rest simultaneously at the end of the fattening period (10% of the birds housed per compartment). We supposed an average grid space of 514 cm 2 per bird (Bokkers et al., 2011) or perch length of 15 cm per bird for a high-density (45.7 to 47.9 kg/m 2 ) occurrence on the elevated structures. Thus, our study was not designed as a free choice experiment and it was not possible for each chicken to choose each structure at each height in this setting. Consequently, we cannot exclude that we observed a second or even third best choice of chickens in case the preferred site of structures was already occupied. We decided on our design based on the results of other studies on structure usage by chicken and due to the limited space in our experimental facilities.
Ross broilers showed a maximum use of 8% during the dark period. It might be the case that they need more space for sleeping than we expected. If we assume a grid space of 636 cm 2 per bird (Bokkers et al., 2011 ) for a low-density (37.8 to 38.7 kg/m 2 ) occurrence, the maximum occurrence on one level would be 8%. Thus, we can presume that the highest level (50 cm height) was fully occupied and other chickens had to choose alternative sleeping places. In addition, the Dual chickens showed a usage of 12% on the 50 cm level. Although they did not need less space than did the Ross chickens, they have a slower metabolism and produce less heat compared with Ross chickens. Thus, in Dual chickens, heat dissipation may be easier so they can rest more closely together (Sandercock et al., 2006) .
During the light period, chickens of all 3 strains did not show a clear preference for a specific height. This may result from a higher activity of chickens during light period. Higher activity during daytime may result in a higher frequency of changes between the different levels and a performance of different behaviors on the elevated structures compared to nighttime during which chickens predominantly rest.
Our results demonstrated that during rearing slow-, medium-, and even fast-growing chickens are motivated to use elevated structures with suitable furnishing. In particular for fast-growing broiler chickens, grids seem to be more appropriate than perches probably due to the birds' hampered physical abilities. Furthermore, for nighttime roosting, the height of structures matters for meat as well as for laying chickens.
Our results imply that elevated structures should be offered depending on the chickens' growth rate, in order to increase their welfare by better meeting their behavioral priorities. However, further studies should address more specifically whether space requirements on elevated structures differ between strains of divergent growth performance due to differences in the birds' preference for using such structures and in body size. Differences between sexes should be also addressed here. In addition, effects on behavior such as locomotor activity, leg health, and thermoregulation should be tested.
